Abstract: Adrenal glands of small smooth-tailed tree shrews (Dendrogale murina), four males and two females, caught and fixed in Thailand were observed macroscopically and histologically. They were located at the cranio-medial sides of the kidney. They were elongated in shape and consisted of a cortex and medulla. The cortex could be subdivided into three zones by the cell arrangement and the morphology of nuclei, cytoplasm and cell strands, like in other mammalian species. The tree shrew seemed to share more morphological characteristics with some laboratory rodents than some of non-human primates.
Order Scandentia, mainly consisting of various tree shrews including small smooth-tailed tree shrews, has an interesting position in the taxonomy, among Insectivora, Primates and Rodentia [1. On page 397 a right side view of this animal is illustrated]. This report describes the adrenocortical zonation (A/Z) of the small smooth-tailed tree shrew (Dendrogale murina) by comparing it with that of other laboratory animal species, since the A/Z is a morphological characteristic that is common only among mammals.
As summarized in Table 1 , two female and four male animals were used for histological observation. They were caught at Trat, Thailand during 1998 and fixed there through various systems and solutions after blood sampling (Table 1) .
Macroscopic observation of adrenals
Macroscopically, the left kidney was positioned a little more distally than the right one in the females (Table 1 , 2/2) (Fig. 1 , right R under broken line), but both organs of the males were at the same height (Table  1 , 4/4) (Fig. 1, left R) . According to an operator who fixed animals, some females had large uteri due to pregnancy. This might have caused the shift of the position of the kidney distally (Dr. Junpei Kimura, Nihon University, personal communication). However, it was not clear whether both of the two females were pregnant or not. The range of the kidney gap between the two females was not the same, and it could be the case that the one with the larger gap was pregnant.
The cranial end of the male right kidney aligned with that of the 3rd lumbar vertebrate (Fig. 1 , left R and L3). The shape of the kidney was similar to that of rats and mice ( Fig. 1, R) .
Adrenal glands were elongated in shape, and positioned cranio-medially to the kidney ( Fig. 1, A) . They were loosely connected to the kidneys. The position and shape of adrenal glands were similar to those of laboratory gerbils (Meriones unguiculatus) [7] .
The kidney was 11-14 mm in length (cranio-distal) and 6-8 mm in width. The adrenal gland was 4-5 mm in length.
Microscopic observation of adrenals
For microscopic observation, adrenal glands were dissected out and histologically prepared: dehydration in a graded ethanol series, clearance by chloroform and embedding in paraffin. The embedded adrenals were sectioned 2 to 3 µm in thickness. The sections were stained with Mayer-Hematoxylin and eosin, or MalloryHeidenhain's azan.
The whole adrenal glands were surrounded by a thin capsule (Fig. 2) . Adrenal glands of small smooth-tailed tree shrews seem to be characterized by a rich vascular supply, especially in the inner cortex and medulla (Fig.  2) , like those of other animal species [2] [3] [4] [5] [6] 8] .
Histologically, the adrenal glands were easily classified into dark cortex and light medulla by well-developed sinus among medulla and the difference in the shape of cell strands (Fig. 2, C and M) .
The cortex could be subdivided into three zones by the cell arrangement and the morphology of nuclei, cytoplasm and cell strands (Fig. 3) .
In the most peripheral side of the gland, there were cell strands arranged in an arch form to the capsule (Fig. 3, G) . They were characterized by light cytoplasm and oval or spindle shaped nuclei. Since spindle shaped nuclei are not so frequently found this may be due to a fixation artifact.
Beneath the first zone, there was the second zone that consisted of cells with round to oval nuclei and cytoplasm filled with small evenly sized vacuoles (Fig. 3, F) . This zone was the thickest among the three zones.
In the innermost cortex, there was the third zone characterized by irregular shaped strands, consisting of cells with dark cytoplasm due to the absence of vacuoles and the presence of rich vascularization (Fig. 3, R) . This zone was the thinnest among the three zones. This zone seemed to be more irregular in thickness in females than in males. In some males, extremely dark cells were found between this zone and the medulla (Figs. 2 and 3,  arrowheads) . Although the precise function and/or meaning of these dark cells remains unknown, similar types of cells were observed in the same region of female human growth hormone transgenic mice adrenals [9] . It is uncertain whether this type of cell represents a functional difference or is merely an artifact.
Similar to other species of mammals, three zones were also identified in the adrenal cortex of small smooth-tailed tree shrews (Fig. 3) . The morphological characteristics of the inner cortices were variable like those of some laboratory animal species such as Japanese field voles [2] , mice [3] [4] [5] or mastomys [6, 8] . These variable inner cortices could not be identified in our laboratory on adrenals of 95 human beings or 149 non-human primates including Callithrix jacchus, Macaca fascicularis, M. mulatta and M. fuscata (unpublished observation).
Aging and longevity science needs new practical animal models in addition to the conventional aging/aged ones established by an aging farm. The small body size and the taxonomy of the small smooth-tailed tree shrew offer possibilities as an animal model for aging science. The morphological characteristics of the inner cortices, however, do not support this possibility.
